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(57) Abstract: An angle of attack sensor (10) has a rotat- 
ing vane (16) that is sensitive to airflow direction mounted 
on a shaft (18) that in torn is rotatably mounted on a housing 
(22). The housing (22) is supported on an aircraft (14), and 
includes a non contact magnetic sensing assembly (23) for 
sensing the rotation of the shaft (18) relative to the housing 
(22). The sensor assembly (23) includes a magnet (28) that 
mounts on the shaft (18), and a magnetoresi stive (MR) sen- 
sor (32) that mounts on the housing (22) in a position so that 
as the shaft (18) rotates the magnetic field from the magnet 
(28) changes, and this change in magnetic field is sensed and 
provided as an indication of angle of attack change. 
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MAGNETIC l^GLE OF ATTACK SENSOR 

BACKGROUND OF THE INVENTION 
The present invention relates to rotary 
angle of attack sensors used with non contact angle 
5 sensors, specifically magnetic field sensing devices, 
which can be used for determining the angle of 
rotation of a sensor that rotates as a function of 
angle of attack of an aircraft. 

' Vane type angle of attack sensors have been 

10 used for years and the physical structure of mounting 
is and can be the same in the present invention as has 
been used. Prior art sensors for sensing the angle of 
movement of the rotating vane have included 
potentiometers, angle resolvers, sychros and RVDT's- 

15 The sychros, angle resolvers and RVDT's do 

not have contacting parts, but potentiometers do. One 
of the advantages of having non contact sensors is the 
ability to increase modular designs so that different 
configurations of sensor-vane interchanges can be 

20 made. Sychros, resolvers and RVDT's that are non 
"contact rotating sensors are expensive, heavy and 
require substantial instrixmentation to operate. 

SUMMARY OF THE INVENTION 

25 The present invention relates to an angle of 

attack sensor utilizing a shaft that rotates about a 
mounting axis and includes a magnetic field sensor 
arrangement to determine rotation of the mounting 
shaft relative to a fixed reference. The magnetic 

30 sensor devices are arranged to sense the relative 
rotation of the shaft relative to a mount, and include 
magnets on one of the components, and a magnetic field 
sensitive device on . the other of the components. The 
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magnets preferably will rotate with the shaft and the 
normal vane used, but the magnets can be stationary. 
The sensor which senses the changes in the magnetic 
field caused by shaft and vane rotation can be mounted 
5 in a fixed support for ease of receiving the output 
signal, but also can be mounted on the rotating vane. 

The fixed and moveable sections of the sensing device 
can be interchanged if desired. 

^ Magnetic field sensors are quite low cost, 
10 and yet provide very high accuracy. Magnetoresistive 
(MR) type sensors, in particular, are accurate and 
sensitive to changes in position of magnets adjacent 
to the sensor. 

The present design is simple, . and few 
15 components are needed. The modularity of the magnetic 
sensor is a benefit in that the sensor can be used 
with many different configurations of mounting 
interfaces, vane geometries, and internal sensor 
assemblies. In other words, a family of angle of 
20 attack sensors can be created, by using the same 
rotation or angle sensor with different size vanes, 
and with different mountings. 

The smaller size of the magnetic sensors 
permits the sensor systems to be retrofitted into 
25 existing aircraft applications as well. The savings 
in weight can be very effective. 

There is a greatly reduced parts count since 
the sensors and circuits are prepackaged, so inventory 
is maintained easily. Magnetic sensors also can be 
30 calibrated easily. 

The calibration can be carried out in wind 
tunnels, or in actual use i.e., when the sensor is 
attached to the air vehicle and compared with other 
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sensors. The calibration also can be accomplished by 
precision alignment of the sensor and magnet 
assemblies, in the manner used for existing 
potentiometers used with angle of attack sensors. 
5 Signal corrections and compensation needed can be made 
through suitable relatively simple circuitry. The 
correction or compensation is easily done with memory 
that stores the compensation factors and provides the 
factors to readout circuitry. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a top schematic sectional 
representation of an angle of attack sensor having a 
magnetic angle sensor made according to the present 
15 invention; 

Figure 2 is a fragmentary sectional view 
taken on line 2 — 2 in Figure 1; 

Figure 3 is a top schematic sectional view 
of a modified sensor according to the present 
20 invention; and 

Figure 4 is a simplified block diagram of a 
circuit used with the sensor of the present invention. 
DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS 

An angle of attack sensor 10 is mounted on a 
25 fuselage 12 of an aircraft 14 in a location that 
permits fuselage vane 16 to rotate in response to 
changes of angle of attack of the aircraft 14, 

The angle of attack sensor vane 16 is of 
conventional design, and it extends out into the 
30 airflow past the aircraft 14. The vane 16 is mounted 
on a shaft 18 that is rotatably mounted on bearings 20 
supported in a housing 22 that is positioned on the 
interior of the aircraft 14. 
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The housing 22 is anchored to the aircraft 
in a suitable manner. The vane 16 rotates about the 
axis 24 of shaft 18 in response to angle of attack. 
The vane 16 can take any desired shape. 
^ A magnetic based sensor assembly 23 is 

mounted in a chamber 25 of the housing 22 and includes 
a magnetic field sensor 32 and permanent magnet 28. 
When MR type sensors are used, the magnet 28 can be a 
ceramic or Alnico metal permanent magnet with a north 

10 pole 28A and a south pole 28B. The magnet 28 is 
mounted on a plate 30 that is fixed to an end of shaft 
18 inside chamber 25 of the housing 22. 

The housing 22 mounts one or more magnetic 
.field or flux . sensors .32.- . As -shown one sensor is 

15 used. The sensor 32 is preferably a magnetoresistive 
sensor that provides an electrical signal that changes 
as the position of the magnetic poles 28A and 28B 
shift when the vane 16 and shaft 18 rotate. A barrier 
wall 27 made of material that is non magnetic and 

20 nonconductive and does not adversely affect sensing 
the magnetic field may be used to divide chamber 25 to 
environmentally isolate the sensor from the rotating 
parts. The magnetic field sensor 32 may be the 
preferred magnetoresistive sensor or other magnetic 

25 field or flux sensor that changes output as the magnet 
28 shifts position about axis 24. For simpler, lower 
accuracy units, the magnetic flex sensor can be a Hall 
effect sensor. 

An electrical signal is provided from sensor 

30 32 which indicates the rotational portion of the 
magnet along a line that can be potted in the opening 
where it passes through a wall of the housing to keep 
the chamber 25 sealed. The signal from sensor 32 is 
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provided to suitable circuitry^ shown in Figure 4 . 
The magnetic field sensor 32 is excited from a power 
source 34 and provides an analog signal output that is 
a function of shaft rotation in either direction 
5 (positive for positive angle and negative for negative 
angle) . Standard magnetoresistive sensor circuit 

chips are available, for example, MR displacement 
sensors are sold by Honeywell Inc. through their Solid 
State Electronics Center in Plymouth, Minnetonka. The 

10 sensor 32 output is provided to an analog to digital 
converter 36 for digital processing in a digital 
computer or processor 38 that can be provided in 
housing 22 or which can be a separate air data 
computer on board the aircraft. A memory 40, such as 

15 an EEPROM, is programmed with necessary correction or 
compensation factors, based on calibration tests of 
the angle of attack system including sensor 32. 

The output of the sensor 32 may have a bias 
and be non linear, and the memory 40 can contain 

20 needed correction factors for correcting non 
linearities. The processor 38 will add the correction 
factors needed and will convert the signal from A/D 
converter 36 into a useful signal, such as degrees of 
rotation. 

25 . ^ In addition to linearizing the output signal 

from sensor 32, it is also possible to make 
corrections caused by misadjustment of the sensor 32 
and the magnet 28 during assembly- Because of the 
ability to electronically correct the output it is not 

30 necessary to precisely orient the sensor chip 32 and 
magnet 28 within the angle of attack unit during 
assembly. Offsets for local versus free stream angle 
of attack values for specific aircraft also can be 
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built-in to this calibration process to accommodate 
aircraft without central flight control computers^ and 
to accommodate other special needs. The output of the 
angle of attack processor 38 can be left as a digital 
5 signal along line 41, to an output instrument ' or to 
avionics. Alternatively, a D/A converter 42, as shown 
in Figure 4, can be used to simulate a potentiometer, 
RVDT, resolver, or sychro for retrofit applications, 
as shown at 44. This makes the retrofit a self 
10' contained unit and does not require reworking other 
components that use the angle of attack signals. In 
other words the sensor output from sensor 32 is made 
compatible with the circuits of a retrofitted 
. _ aircraft . _ . _ . _ _ _ _ _ . . 

15 The processor 38 thus provides a corrected 

digital output to avionics or displays, or if desired, 
to a digital to analog converter 42 that provides an 
analog output. 

Figure 3 illustrates a modified form of a 
20 sensor assembly 58. A shaft 60,- which mounts the vane 
sensor used, such as vane 16, serves the same purpose 
as shaft 18 in Figure 1. Shaft 60 is an angle of 
attack vane mounting shaft and rotates when the vane 
rotates to indicate angle of attack. 
25 A cup 62 is mounted on the inner or base end 

of shaft 60. The cup - 62 has an open end 70, and a. 
pair of diametrically opposed magnets 64 and 66 are 
mounted in the cup. The cup is made of non magnetic 
material- The north and south poles of the magnets 
30 are oriented as desired. 

A sensor chip 68 having a magnetic flux 
sensor circuit is mounted on a base wall 65 of a 
housing 67 which is fixed to the wall of the aircraft. 
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The chip 68 extends into the cup open end 70. The 
shifting of shaft 60 changes the output of the 
magnetic flux sensor on the sensor chip 68. The 
circuit chip 68 provides an output using known 
5 circuitry, and it can be a MR sensor as mentioned. 
Because the sensor chip 32 or 68 and magnets 28, 64 
and 66 are very small and only a few additional 
supporting components are required, magnetic output 
angle of- attack units can be built much smaller and 

10 lighter than traditional angle of attack devices. The 
small size also allows the magnetic sensor to be used 
in wing-mounted angle of attack devices, test flight 
booms, and gimbaled probes where other types of prior 
art sensors have been top large or cumbersome to use. 

15 The power required to operate a magnetic sensor 
circuit is also much less than that required for other 
angle sensing devices. 

The magnet (or sensor) can be mounted 
directly to the central shaft thereby eliminating any 

20 play or backlash as found in geared systems. 

Positioning the small magnet on the shaft eliminates 
additional gears, bearings, shafts, and other similar 
components and produces a very low inertia system 
which will allow for improved response times. 

25 The sensor and its circuit does not 

mechanically contact the magnet so there is no wear to 
decrease accuracy over time. Internal friction in the 
system is also reduced because there are no additional 
bearings, gears, or wipers. Lower internal friction 

30 provides higher vane position accuracy and faster 
response time and will also allow the vane to function 
at lower' airspeeds. Alternately, the lower friction 
will allow a smaller vane to be used at a similar 
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airspeed. 

Non-magnetic materials can be positioned 
between the magnet and the sensor to provide a sealed 
environment for the sensor and the electronics to 
5 insure that accuracy is not degraded by contaminants 
and to extend the life of the product. 

The sensor circuit in all forms of the 
invention does not influence the magnetic field 
produced by the magnet so multiple sensors can be used 

10 to provide redundancy or large ranges of angular 
travel if required. The sensor circuit is preferably 
designed to operate in saturation mode so the strength 
of the magnet, the temperature coefficient of the 
magnet., and the gap between the magnet and the sensor 

15 is unimportant within certain wide tolerances - 

Because the gap distance is not critical, sensors may 
be stacked on top of each other to save space. If 
necessary the magnet and - sensor can be shielded from 
external magnetic sources by ferrite shields or other 

20 methods. 

Reliability is greatly enhanced by the large 
reduction of mechanical parts and the high degree of 
redundancy that can be provided. Resistance to 
vibration and shock is improved because of the much 

25 lower complexity and low mass of the components 
compared to prior art angle of attack sensors. 
Because the sensor is non-contact there is no wear and 
the sensor circuit and related electronics can be 
placed in a sealed enclosure. In the event of a 

30 component failure the modular design for the magnetic 
sensor will allow for component assemblies to be 
swapped out quickly and easily. 

This type of angular sensor could also be 
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used as a sensor for cone type angle of attack 
devices, control surface sensors, landing gear 
position sensors, throttle position sensors or other 
angular position, linear position or proximity 
5 measurements. 

Although the present invention has been 
described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing from 
10 the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1. An angle of attack sensor including a 
rotating portion that changes angular position as flow 
direction changes, and a non contact magnetic sensor 
for deteimining the rotation amount of the rotating 
portion from a reference position. 

2. The angle of attack sensor of claim 1, 
wherein said rotating portion is mounted on a support; 
a magnet mounted on the support, and a magnetic field 
sensor mounted on the support for sensing changes in 
magnetic field as the magnet is rotated. 

3_. The angle _ of , attack sensor jof. either claims 

1 or 2, wherein said rotating portion comprises a 
shaft, a vane mounted to said shaft for sensing air 
flow and changing the angular position of the shaft as 
air flow direction changes relative to the vane. 

4. The angle of attack sensor of claim 1 
wherein said non-contact magnetic sensor comprises a 
permanent magnet mounted on one of the rotating 
portion and a stationary portion, and a magnetic field 
sensor mounted on the other of the rotating portion 
and the stationary portion. 

5. The rotating angle of attack sensor of claim 
1 including a housing, the rotating portion comprising 
a angle of attack sensing vane mounted on a shaft, 
said shaft being rotatably mounted in the housing, the 
non contact magnetic sensor comprising a permanent 
magnet mounted to rotate with said shaft, and a 
magnetic field sensor mounted on the housing adjacent 
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said magnet for sensing changes in the magnetic field 
caused by rotation of the magnet past the magnetic 
field sensor. 

6. The rotating angle of attack sensor of claim 
6 wherein said magnetic field sensor comprises one of 
a group consisting of a magnetoresistive sensor and a 
Hall effect sensor. 

7. An angle of attack sensor comprising a 
shaft, a flow angle sensitive vane mounted on an outer 
end portion of the shaft and protruding into an air 
stream, a housing adapted to be mounted on an aircraft 
with the vane in an air stream adjacent the aircraft, 
said shaft being rotatably mounted on said housing 
about an axis, a magnetic field sensor and a magnetic 
field creating device, one of said sensor and said 
magnetic field creating device being mounted on the 
shaft, and the other of said sensor and magnetic field 
creating device being mounted on the housing. 

8, The angle of attack sensor of claim 7 
wherein said magnetic field creating device comprises 
a permanent magnet having spaced north and south 
magnetic poles, the magnet being mounted to rotate 
with said shaft whereby the magnetic field adjacent 
said magnet changes as the shaft rotates . 

9, The angle of attack sensor of claim 8 
wherein said magnetic field sensor is one of a group 
consisting of a magnetoresistive sensor and a Hall 
effect sensor. 
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10. The angle of attack sensor of claim 1, 
wherein the magnetic field creating device comprises a 
pair of magnets, and a magnet mounting housing 
mounted on said shaft and mounting the pair of magnets 
in position with the pair of magnets that are spaced 
apart from the axis of rotation of the shaft, one of 
the magnets having a north magnetic pole adjacent the 
sensor, and the other of the magnets having a south 
magnetic ^pole adjacent the sensor. 

11. An angle of attack sensor comprising a shaft 
that rotates about an axis in response to changes of 
angle of attack of an aircraft, a permanent magnet 
mounted to rotate with said shaft to create a magnetic 
field, and a magnetoresistive sensor supported on a 
stationary portion of the angle of attack sensor and 
sensing changes in the magnetic field as the shaft 
rotates. 

12 - The angle of attack sensor of claim 11 

wherein said shaft is mounted in a housing, said 
housing being adapted to be supported on an aircraft, 
and the housing including a sealed chamber for 
mounting said permanent magnet and said magnetic field 
sensor . 
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